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(2R,3R)-3-Cyclohexyl-5-methoxy-5-oxo-2-phenylpentanoic acid (4). The title compound was prepared according to general procedure I using phenylacetic acid (68.1 mg, 0.500 mmol), (S)-2 TA (0.217 g, 0.515 mmol, 1.03 equiv), n-BuLi (0.82 mL, 2.44 M in hexanes, 2.00 mmol, 4.0 equiv) in THF (5.0 mL) followed by addition of a solution of (E)-methyl 3-cyclohexylacrylate 2 (84.1 mg, 0.500 mmol, 1.0 equiv) in THF (0.50 mL) at -78 °C. 
(2R,3R)-Dimethyl 3-cyclohexyl-2,3-diphenylpentanedioate (4 methyl ester).
The title compound was prepared using carboxylic acid 4 (28.7 mg, 94.3 µmol), TMSCHN 2 in hexane (0.20 mL, 1.76 M, 0.352 mmol) in a mixture of benzene-MeOH (4:1, 2.0 mL) at 0 °C for 0.5 h. The solvent was removed and the residue was purified by column chromatography on silica gel (9% ethyl acetate in hexanes) to afford product 4 methyl ester (27.9 mg, 87.6 µmol, 93% yield). Ee: 96% (Chiralcel® OD-H; 1% i-PrOH in hexanes; flow rate = 1.0 mL/min; detection at 215 nm; t 1 =6.7 min; t 2 =7.5 min 
(2R,3R)-Dimethyl 3-(2-methoxyphenyl)-2-phenylpentanedioate (5a methyl ester).
The title compound was prepared using carboxylic acid 5a (16.4 mg, 49.9 µmol), TMSCHN 2 in hexane (0.10 mL, 1.76 M, 0.176 mmol) in a mixture of benzene-MeOH (4:1, 1.0 mL) at 0 °C for 0.5 h. The solvent was removed and the residue was purified by column chromatography on silica gel (9% ethyl acetate in hexanes) to afford product 5a methyl ester (12. 
(2R,3R)-Dimethyl 3-(4-methoxyphenyl)-2-phenylpentanedioate (5b methyl ester).
The title compound was prepared using carboxylic acid 5b (7.2 mg, 21.9 µmol), TMSCHN 2 in hexane (0.10 mL, 1.76 M, 0.176 mmol) in a mixture of benzene-MeOH (4:1, 1.0 mL) at 0 °C for 0.5 h. The solvent was removed and the residue was purified by column chromatography on silica gel (9% ethyl acetate in hexanes) to afford product 5b methyl ester (7.1 mg, 20.7 µmol, 95% yield). Ee: 97% (Chiralcel® AD-H; 1% i-PrOH in hexanes; flow rate = 1.0 mL/min; detection at 215 nm; t 1 =59.8 min; t 2 =74.5 min (3R, 4S)-Methyl 5-hydroxy-3-(3-nitrophenyl)-4-phenylpentanoate (5c alcohol). Methyl chloroformate (9 µL, 0.114 mol, 1.4 equiv) was added dropwise to a solution of carboxylic acid 5c (28.0 mg, 0.0816 mmol) in THF (0.82 mL) and Et 3 N (34 µL, 0.244 mmol, 3.0 equiv) at 0 °C. The resultant mixture was stirred at the same temperature for 0.5 h. NaBH 4 (15.0 mg, 0.408 mmol, 5.0 equiv) was added to the crude reaction followed by MeOH (1.0 mL) at 0 ˚C. The reaction was stirred at the same temperature for 20 min. The solvent was removed by rotary evaporation and the crude reaction mixture was quenched with saturate aqueous NH 4 Cl and extracted with ethyl acetate. The combined organic phase was washed with brine, dried over Na 2 SO 4 , concentrated, and the residue was purified by column chromatography on silica gel (70% diethyl ether in hexanes) to afford the product 5c alcohol (8.0 mg, 24.3 µmol, 42% yield). Ee: 75% (Chiralcel® OD-H; 10% i-PrOH in hexanes; flow rate = 1.0 mL/min; detection at 215 nm; t 1 =25.1 min; t 2 =32.9 min (2S,3R)-Dimethyl 3-(1-methyl-1H-pyrrol-2-yl)-2-phenylpentanedioate (5d methyl ester). The title compound was prepared using carboxylic acid 5d (18.0 mg, 59.7 µmol), TMSCHN 2 in hexane (0.15 mL, 1.76 M, 0.264 mmol) in a mixture of benzene-MeOH (4:1, 1.0 mL) at 0 °C for 0.5 h. The solvent was removed and the residue was purified by column chromatography on silica gel (9% ethyl acetate in hexanes) to afford product 5d methyl ester (15.9 mg, 50.4 µmol, 95% yield). Ee: 86% (Chiralcel® AD-H; 1% i-PrOH in hexanes; flow rate = 1.0 mL/min; detection at 215 nm; t 1 =13.9 min; t 2 =16.1 min (2S,3R)-3-(Benzofuran-2-yl)-2-phenylpentane-1,5-diol (5e diol). To a solution of acid 5e (13.9 mg, 39.4 µmol) in THF (2 mL) was added lithium aluminum hydride (LAH, 20.1 mg, 0.529 mmol) at 0 ˚C. After stirring for 1 h at the same temperature, the reaction was carefully quenched by adding 20 µL of water. After stirring for 5 min, 20 µL of aqueous NaOH (15% w/w) solution was added and the mixture was stirred for 5 min. Water (60 µL) was added and the mixture was stirred for additional 5 min. The white solid was filtered off, the filtrate was concentrated and the residue was purified by column chromatography on silica gel (50% of ethyl acetate in hexanes) to afford 5e diol (10.7 mg, 36.1 µmol, 92% (2S,3R)-Dimethyl 3-(1-(tert-butoxycarbonyl)-1H-indol-3-yl)-2-phenylpentanedioate (5f methyl ester). The title compound was prepared using carboxylic acid 5f (15.9 mg, 36.3 µmol), TMSCHN 2 in hexane (0.1 mL, 1.76 M, 0.176 mmol) in a mixture of benzene-MeOH (4:1, 1.0 mL) at 0 °C for 0.5 h. The solvent was removed and the residue was purified by column chromatography on silica gel (9% ethyl acetate in hexanes) to afford product 5f methyl ester (14.2 mg, 31.5 µmol, 87% yield). Ee: 97% (Chiralcel® AD-H; 1% i-PrOH in hexanes; flow rate = 1.0 mL/min; detection at 215 nm; t 1 =24.4 min; t 2 =28.6 min 
(2S,3R)-Methyl 3-(3,5-dimethylisoxazol-4-yl)-5-hydoxy-4-phenylpentanoate (5h alcohol).
Methyl chloroformate (15 µL, 0.176 mmol, 1.4 equiv) was added dropwise to a solution of carboxylic acid 5h (40.0 mg, 0.126 mmol) in THF (0.42 mL) and Et 3 N (53 µL, 0.378 mmol, 3.0 equiv) at 0 °C. The resultant mixture was stirred at the same temperature for 0.5 h. Then NaBH 4 (24.0 mg, 0.630 mmol, 5.0 equiv) was added followed by MeOH (1.0 mL) at 0 °C. The reaction was stirred at the same temperature for 20 min. The reaction mixture was quenched with saturate aqueous NH 4 Cl and extracted with ethyl acetate. The combined organic phase was washed with brine, dried over Na 2 SO 4 , concentrated, and the residue was purified by column chromatography on silica gel (70% diethyl ether in hexanes) to afford the product 5h alcohol (23.0 mg, 75.6 µmol, 60% yield). Ee: 86% (Chiralcel® OD-H; 10% iPrOH in hexanes; flow rate = 1.0 mL/min; detection at 215 nm; t 1 =21.2 min; t 2 =27.1 min).
[ 4.0 equiv) in THF (5.0 mL) followed by addition of a solution of (E)-methyl crotonate (53 µL, 50.0 mg, 0.500 mmol, 1.0 equiv) in THF (0.50 mL) at -90 °C. The reaction was quenched after 0.5 h and product 5j (0.101 g, 0.429 mmol, 86% yield) was obtained after purification by column chromatography on silica gel (5% methanol in dichloromethane).
[α] D 23 -23. (2R,3S)-Dimethyl 3-methyl-2-phenylpentanedioate (5j methyl ester). The title compound was prepared using carboxylic acid 5j (9.1 mg, 38.6 µmol), TMSCHN 2 in hexane (0.1 mL, 1.76 M, 0.176 mmol) in a mixture of benzene-MeOH (4:1, 1.0 mL) at 0 °C for 0.5 h. The solvent was removed and the residue was purified by column chromatography on silica gel (9% ethyl acetate in hexanes) to afford product 5j methyl ester (8.0 mg, 32.0 µmol, 83% yield). Ee: 52% (Chiralcel® OJ-H; 1% i-PrOH in hexanes; flow rate = 1.0 mL/min; detection at 210 nm; 
Supplementary Information 1. Experimental Procedures
Lu, Jackson, Eickhoff, Zakarian S17 (2R,3S)-5-tert-Butoxy-3-methyl-5-oxo-2-phenylpentanoic acid (5k). The title compound was prepared according to general procedure I using phenylacetic acid (0.136 g, 0.999 mmol), (R (2S,3R)-5-tert-Butoxy-3-ethyl-5-oxo-2-phenylpentanoic acid (5l). The title compound was prepared according to general procedure I using phenylacetic acid (68.1 mg, 0.500 mmol), (2R,3R)-3-Isopropyl-5-methoxy-5-oxo-2-phenylpentanoic acid (5m). The title compound was prepared according to general procedure I using phenylacetic acid (68.1 mg, 0.500 mmol), 3R)-5-tert-Butyl 1-methyl-3-isobutyl-2-phenylpentanedioate (5n methyl ester) . The title compound was prepared using carboxylic acid 5n (14.7 mg, 45.9 µmol), TMSCHN 2 in hexane (0.14 mL, 1.76 M, 0.246 mmol) in a mixture of benzene-MeOH (4:1, 1.0 mL) at 0 °C for 0.5 h. The solvent was removed and the residue was purified by column chromatography on silica gel (9% ethyl acetate in hexanes) to afford product 5n methyl ester (14.1 mg, 42.2 µmol, 92% yield). Ee: 90% (Chiralcel® OD-H; 1% i-PrOH in hexanes; flow rate = 0.5 mL/min; detection at 210 nm; t 1 =7.6 min; t 2 =8.8 min 3S)-3-Cyclopropyl-2-phenylpentane diol (5o diol) . The title compound was prepared using carboxylic acid 5o (29.1 mg, 95.7 µmol), and lithium aluminum hydride (36.4 mg, 0.957 mmol) in THF (3.0 mL) at 0 °C. The reaction was quenched after 1 h, and product 5o diol (11.9 mg, 54.0 µmol, 56% yield) was obtained after purification by column chromatography on silica gel (55% ethyl acetate in hexanes). Ee: 85% (Chiralcel® OJ-H; 5% i-PrOH in hexanes; flow rate = 1.0 mL/min; detection at 215 nm; t 1 =15.8 min; t 2 =22.4 min).
[ 
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(2R,3S)-5-tert-Butyl 1-methyl-2-phenyl-3-(trifluoromethyl)pentanedioate (5p methyl ester). The title compound was prepared using carboxylic acid 5p (15.4 mg, 46.3 µmol), TMSCHN 2 in hexane (0.15 mL, 1.76 M, 0.264 mmol) in a mixture of benzene-MeOH (4:1, 1.0 mL) at 0 °C for 0.5 h. The solvent was removed and the residue was purified by column chromatography on silica gel (9% ethyl acetate in hexanes) to afford product 5p methyl ester (15.4 mg, 44.5 µmol, 96% yield). Ee: 58% (Chiralcel® OD-H; 1% i-PrOH in hexanes; flow rate = 0.5 mL/min; detection at 215 nm; t 1 =8.7 min; t 2 =9.5 min 
(2R,3S)-5-Ethyl 1-methyl-3-((4-methoxyphenoxy)methyl)-2-phenylpentanedioate (5q methyl ester).
The title compound was prepared using carboxylic acid 5q (14.9 mg, 40. 
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at 0 °C for 0.5 h. The solvent was removed and the residue was purified by column chromatography on silica gel (9% ethyl acetate in hexanes) to afford product 5q methyl ester ( 
(2S,3R)-Dimethyl 2-(4-chlorophenyl)-3-phenylpentanedioate (6a methyl ester).
The title compound was prepared using carboxylic acid 6a (14.7 mg, 44.1 µmol), TMSCHN 2 in hexane (0.10 mL, 1.76 M, 0.176 mmol) in a mixture of toluene-MeOH (3:1, 1.0 mL) at 0 °C for 0.5 h. The solvent was removed and the residue was purified by column chromatography on silica gel (8% ethyl acetate in hexanes) to afford product 6a methyl ester (14.7 mg, 42.5 µmol, 97% yield). Ee: 93% (Chiralcel® OD-H; 1% i-PrOH in hexanes; flow rate = 1.0 mL/min; detection at 215 nm; t 1 =11.6 min; t 2 =14.8 min 
(2S,3R)-Dimethyl 2-(3-chlorophenyl)-3-phenylpentanedioate (6b methyl ester).
The title compound was prepared using carboxylic acid 6b (14.0 mg, 42.1 µmol), TMSCHN 2 in hexane (0.10 mL, 1.31 M, 0.131 mmol) in a mixture of toluene-MeOH (3:1, 1.0 mL) at 0 °C for 0.5 h. The solvent was removed and the residue was purified by column chromatography on silica gel (8% ethyl acetate in hexanes) to afford product 6b methyl ester (13 The reaction was quenched after 0.5 h and the crude product 6d (0.168 g) was obtained after work up. Due to its extremely low solubility, no effort was attempted to purify by column chromatography, and the crude product was directly submitted to the next step.
(2S,3R)-Dimethyl 2-(1,3-benzodioxol-5-yl)-3-phenylpentanedioate (6d methyl ester).
The title compound was prepared using above crude acid 6d (0.168 g), TMSCHN 2 in hexane (1.30 mL, 1.13 M, 1.47 mmol) in a mixture of toluene-MeOH (3:1, 16 mL) at 0 °C for 0.5 h. The solvent was removed and the residue was purified by column chromatography on silica gel (6% ethyl acetate in hexanes) to afford product 6d methyl ester (0.124 mg, 0.348 mmol, 70% yield over steps 
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was obtained after purification by column chromatography on silica gel (6% methanol in dichloromethane). Pure major diastereomer could be separated partially by column chromatography on silica gel (6% methanol in dichloromethane 
(2S,3R)-Dimethyl 2-(naphthalen-1-yl)-3-phenylpentanedioate (6f methyl ester).
The title compound was prepared using the 6f (18.2 mg, 52.3 µmol, dr 5:1), TMSCHN 2 in hexane (0.10 mL, 1.76 M, 0.176 mmol) in a mixture of benzene-MeOH (4:1, 1 mL) at 0 °C for 0.5 h. The solvent was removed and the residue was purified by column chromatography on silica gel (9% ethyl acetate in hexanes) to afford pure diastereomer product 6f methyl ester (11.4 mg, 31.5 mol, 60% yield (2R,3R)-Dimethyl 3-phenyl-2-(thiophen-2-yl)pentanedioate (6g methyl ester). The title compound was prepared using carboxylic acid 6g (10.3 mg, 33.8 µmol), TMSCHN 2 in hexane (0.10 mL, 1.76 M, 0.176 mmol) in a mixture of benzene-MeOH (4:1, 1.0 mL) at 0 °C for 0.5 h. The solvent was removed and the residue was purified by column chromatography on silica gel (9% ethyl acetate in hexanes) to afford product 6g methyl ester (9.1 mg, 28.6 µmol, 84% yield , 1H), 3.45 (s, 3H), 2.62 (dd, J=15.7, 5.0 Hz, 1H), 2.49 (dd, J=15.7, 9.9 Hz, 1H). 13 (2S,3R)-Dimethyl 2-(furan-3-yl)-3-phenylpentanedioate (6h methyl ester) . The title compound was prepared using carboxylic acid 6h (18.6 mg, 64.6 µmol), TMSCHN 2 in hexane (0.10 mL, 1.31 M, 0.131 mmol) in a mixture of toluene-MeOH (3:1, 1.0 mL) at 0 °C for 0.5 h. The solvent was removed and the residue was purified by column chromatography on silica gel (8% ethyl acetate in hexanes) to afford product 6h methyl ester (18.5 mg, 61.2 µmol, 95% yield). Ee: 92 % (Chiralcel® OD-H; 1% i-PrOH in hexanes; flow rate = 1.0 mL/min; detection at 215 nm; t 1 =17.0 min; t 2 =21.7 min). 2-(1-benzyl-1H-indol-3yl)-3-phenylpentanedioate (6i methyl ester) . The title compound was prepared using carboxylic acid 6i (10.0 mg, 23.4 µmol), TMSCHN 2 in hexane (0.10 mL, 1.31 M, 0.131 mmol) in a mixture of toluene-MeOH (3:1, 1.0 mL) at 0 °C for 0.5 h. The solvent was removed and the residue was purified by column chromatography on silica gel (6% ethyl acetate in hexanes) to afford product 6i methyl ester (7.9 mg, 17.9 µmol, 77% yield). Ee: 81% (Chiralcel® OD-H; 2% i-PrOH in hexanes; flow rate = 1.0 mL/min; detection at 215 nm; t 1 =37.6 min; t 2 =68.9 min 64 (m, 3H), 2.58-2.48 (m, 1H), 2.03-1.91 (m, 1H), 1.90 -1.78 (m, 1H) . 13 
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The title compound 6k was prepared using above crude acid, TMSCHN 2 in hexane (1. 
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(2R,3R,4S)-Dimethyl-2-methyl-3,4-diphenylpentanedioate (7 methyl ester). The title compound was prepared using carboxylic acid 7 (12.7 mg, 40.7 µmol), TMSCHN 2 in hexane (0.1 mL, 1.76 M, 0.176 mmol) in a mixture of benzene-MeOH (4:1, 1.0 mL) at 0 °C for 0.5 h. The solvent was removed and the residue was purified by column chromatography on silica gel (9% ethyl acetate in hexanes) to afford product 7 methyl ester (10.0 mg, 30.6 µmol, 75% yield). Ee: 96% (Chiralcel® AD-H; 1% i-PrOH in hexanes; flow rate = 1.0 ml/min; detection at 215 nm; t 1 =20.5 min; t 2 =26.8 min The diastereomer of S3 was also prepared from 3c and (1R,2R)-(-)-pseudoephedrine using an analogous procedure. Its NMR data were different from S3.
3) Determination of relative configuration of 6j.
(3R*, 4R*)-3-Phenethyl-4-phenyltetrahydro-2H-pyran-2-one (S4). LiBEt 3 H (1.0 M, 1.7 mL, 1.70 mmol) was added to a solution of acid 6j (68.8 mg, 0.211 mmol) in THF (5 mL) at 0 °C. After stirring at 23 °C for 14 h, the reaction mixture was quenched with 2 M aqueous solution of HCl (1.7 mL, 3.40 mmol) at 0 °C. The resultant mixture was stirred at 23 °C for further 24 h and extracted with CH 2 Cl 2 . The combined organic phase was washed brine, dried over Na 2 SO 4 , concentrated, and the residue was purified by column chromatography on silica gel (15% ethyl acetate in hexanes) to afford the pure product S4 (22.8 mg, 81.3 µmol, 39% yield). 1 10 (0.149 g, 0.600 mmol, 1.2 equiv) in THF (0.30 mL + 2×0.10 mL rinses) was added to the reaction mixture dropwise over 10 min. After stirring for additional 50 min, a solution of 3-phenyl-2-propynal (0.325 g, 2.50 mmol) was added. The reaction mixture was stirred for additional 3 h before a quench with a mixture of THF-MeOH (3:1, 0.64 mL) at -78 °C. After 5 min, the reaction mixture was acidified with 1 M aqueous solution of HCl and extracted with ethyl acetate. The combined organic phase was sequentially washed with 1 M aqueous solution of HCl and brine, dried over Na 2 SO 4 , concentrated, and the residue was directly used for the next step. 
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The above crude acid was dissolved in a mixture of benzene-MeOH (4:1, 5.0 mL) and TMSCHN 2 in hexane (2.6 mL, 0.57 M in hexanes, 1.48 mmol) was added at 0 °C. The resultant mixture was stirred at the same temperature for 1 h. The solvent was removed on a rotary evaporator and the residue was purified by column chromatography on silica gel (9-11% ethyl acetate in hexanes) to afford the product 11 (0.221 g, 0.418 mol, dr 2:1, 83% yield). Minor diastereomer. Ee: 86% ee. (Chiralcel® OD-H; 1% i-PrOH in hexanes; flow rate = 1.0 mL/min; detection at 215 nm; minor diasteremoer t 1 =21.9 min; t 2 =29.8 min).
Lactone (12).
To a solution of ester 11 (51.8 mg, 98.0 µmol) in THF (2 mL) was added TBAF (1.0 M in THF, 0.25 mL, 0.250 mmol) at 23 °C. After stirring for 2 h, the reaction mixture was diluted with ethyl ether, quenched with water, and extracted with ethyl ether. The combined organic phase was washed with brine, dried over Na 2 SO 4 , concentrated, and the crude acid was directly used for the next step.
To a solution of above crude acid in MeOH (2 mL) was added AgNO 3 (16.6 mg, 97.7 µmol) at 23 °C. Additional AgNO 3 (16.6 mg, 97.7 µmol) was added after 14 h, followed by third portion of AgNO 3 (33.2 mg, 0.195 mmol) after 10 h. The resultant mixture was stirred for further 14 h. The solvent was removed on a rotary evaporator and the residue was purified by column chromatography on silica gel (25% ethyl acetate in hexanes) to afford the product 12 (36.6 mg, 85.4 mmol, dr 2:1, 87% yield over two steps.). The two diastereomers could be partially separated by column chromatography. found, 451.
Scheme 1. Comparison of J-coupling constants
The regioselectivity of the Ag-mediated cyclization reaction was confirmed by J-coulping constants as shown in Scheme 1. Dihydro-2-pyrone S6 was prepared using Hg(OAc) 2 as catalyst instead of AgNO 3 (63% yield).
(2S,3R)-methyl 3-((Z)-5-benzylidene-4-hydroxy-2-oxo-2,5-dihydrofuran-3-yl)-2,3-diphenylpropanoate (9). 2
Trifluoroacetic anhydride (TFAA, 40 µL, 0.283 mmol) was added to a solution of DMSO (40 µL, 0.563 mmol) in CH 2 Cl 2 (1.5 mL) at -78 °C. After stirring for 0.5 h, alcohol 12 (2:1 mixture of diastereomers, 36.6 mg, , 85.5 µmol) in CH 2 Cl 2 (1.5 mL) was added dropwise. The reaction mixture was stirred at the same temperature for 2.5 h before NEt 3 (0.15 mL, 1.08 mmol) was added. After stirring for 2 h, the reaction mixture was quenched with water and extracted with CH 2 Cl 2 . The combined organic phase was washed brine, dried over Na 2 SO 4 , concentrated, and the residue was purified by column chromatography on silica gel (20% ethyl acetate in hexanes then 5% methanol in dichloromethane) to afford the pure product 9 (19.7 mg, 46.2 µmol, 54% yield proposed structure
